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ABSTRACT. An 8-year study of leaf dynamics was made in a tropical montane cloud forest (1250—1470 
m a.s.l.) in central Veracruz, Mexico. The objective was to determine patterns for both deciduous and 
broadleaved-evergreen tree species respective to phenology (24 species), herbivory (3 species), and life 
span (9 species). Data were recorded from the forest floor with binoculars; ladders were used to reach 
middle canopy leaves and to observe the upper part of the canopy from high vantagepoints. Differences 
were found in foliar phenology, and leaf fall was correlated to minimum temperature only for deciduous 
species. Leaf flushing was correlated with maximum temperature for all deciduous and several evergreen 
trees. The herbivory rate was higher in the understory than in the canopy, and it was higher in young 
leaves than in mature leaves. Mean leaf longevity for deciduous species was 9.0 months; for evergreen 
trees, it was 17.6 months. Life span, however, was not related to leaf habit, since both the shortest (6.4 
months) and longest (36.4 months) mean longevity was recorded in evergreens. Specific leaf area was 
highly correlated with life span and herbivory. Temperatures may act as proximate cues to leaf phenology, 
but ultimate causes have to be considered when discussing leaf dynamics. 


Key words: Mexico, herbivory, leaves, life-span, phenology 

RESUMEN. La dinámica foliar en un bosque de neblina (1250—1470 m) se estudió durante ocho años en 
Veracruz, México. El objectivo fue determinar patrones fenolégicos (24 especies), niveles de herbivoria (3 
especies), y longevidad foliar (9 especies) para especies arbóreas caducifolias y perennifolias. Las obser- 
vaciones se hicieron desde el piso del bosque con binoculares, con escaleras para alcanzar el dosel medio 
y en puntos altos para observar la parte superior del dosel. Se encontraron diferencias temporales en 
fenologia foliar, pero sólo en especies caducifolias, la caída de hojas estuvo correlacionada con la temper- 
atura minima. La producción de hojas en árboles caducifolios y perennifolios estuvo correlacionada con 
temperatura maxima. La tasa de herbivoria fue mayor en el sotobosque que en el dosel y en hojas jóvenes 
que en hojas maduras. La longevidad media para especies caducifolias fue de 9.0 meses y para Arboles 
perennifolios fue de 17.6 meses. Sin embargo, el lapso de vida no se relacionó con hábito ya que la 
longevidad media más corta (6.4 meses) y la mas larga (36.4 meses) se registraron en perennifolios. El 
área foliar específica estuvo altamente correlacionada con lapso de vida y herbivoria. Las temperaturas 
podrían actuar como claves próximas para disparar eventos fenolégicos pero las causas últimas deben 


considerarse cuando se discute la dinámica foliar. 


INTRODUCTION 


Leaf dynamics, an integrated ecological pro- 
cess, reflects the interaction of all canopy com- 
ponents, either directly or indirectly. These com- 
ponents include leaf life span, microenviron- 
ment, herbivory, phenology, and nutrient cycling 
(e.g., Chabot & Hicks 1982, Lowman 1992, 
1995, Lowman & Nadkarni 1995). Other aspects 
are phytogeographical historical affinities (e.g., 
Williams-Linera 1997) and phylogenetic con- 
straints (e.g., Rogers & Clifford 1993, Wright & 
Calderon 1995, Smith-Ramirez et al. 1998). The 
relationship between leaf longevity and leaf 
change habit has been examined in several stud- 
ies (e.g., Kikusawa 1991, Reich et al. 1992). 

Variables characterizing the leaf dynamics of 
trees were studied during an 8-year period 
(1990—1998) in a tropical montane cloud forest 
in central Veracruz, Mexico. The aim of the 
study was to determine whether foliar phenolo- 
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gy, herbivory, and leaf survival differed between 
tree species of contrasting leaf change habits 
(deciduous and broadleaved-evergreen) growing 
under similar environmental conditions. With 
trees of different phytogeographic affinities 
growing together at the same site, the selected 
forest offers an advantage for comparative stud- 
ies of tropical and temperate species. 

The general objective of the study was to de- 
termine leaf dynamics for both deciduous and 
broadleaved-evergreen tree species respective to 
foliar phenology, herbivory, and life span. The 
specific objectives were: 


1. To determine patterns in leaf fall and leaf 
production and their relation to local climate for 
the whole tree community and for different 
groups of species defined by leaf habit and phy- 
togeographic affinity (deciduous versus ever- 
green and temperate versus tropical). 

2. To compare total herbivore damage (%) to 
mature leaves and herbivory rates (% leaf area 
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TABLE 1. Species selected for studies on phenology, herbivory, and leaf longevity in central Veracruz, Mexico, 
along with family, number of trees per study, leaf habit. and phytogeographical affinity. 


Species Family 
Carpinus caroliniana Betulaceae 
Cinnamomum barbeyanum Lauraceae 
Clethra mexicana Clethraceae 
Cornus florida Cornaceae 
Hedyosmum mexicanum Chloranthaceae 
Ilex tolucana Aquifoliaceae 
Liquidambar styraciflua Hamamelidaceae 
Magnolia schiedeana Magnoliaceae 
Meliosma alba Sabiaceae 
Oreopanax capitatus Araliaceae 
Oreopanax xalapensis Araliaceae 
Piper nudum Piperaceae 
Platanus mexicana Platanaceae 
Quercus acutifolia Fagaceae 
Quercus germana Fagaceae 
Quercus insignis Fagaceae 
Quercus leiophylla Fagaceae 
Quercus xalapensis Fagaceae 
Rapanea myricoides Myrsinaceae 
Saurauia belizensis Actinidaceae 
Styrax glabrescens Styracaceae 
Symplocos coccinea Symplocaceae 
Trema micrantha Ulmaceae 
Trichilia havanensis Meliaceae 
Turpinia insignis Staphylaceae 


No. of trees per study 


Phenology Herbivory Longevity Habit Affinity 
8 20 12 D T 
3 — 2 E tr 
9 — 9 D tr 
6 — — D T 
3 — 6 E tr 
4 —— — E T 
6 — 13 D T 

— — 4 E T 
3 — — D tr 
3 —- — E tr 
1 20 10 E tr 
1 — —— E tr 
5 — — D T 
9 — — D T 
8 — — D T 
2 — — D T 
8 — — D T 
5 — 11 D T 

11 —— E tr 
1 -—— — E tr 
1 — — D T 
2 — — E tr 
1 — — E tr 
2 — — E tr 
5 20 11 E tr 


Note: Leaf habit, D = deciduous and E = evergreen; Affinity, T = taxa common to eastern USA and Mexico 
(Graham 1973) and tr = taxa present in Mexican montane cloud forests (Rzedowki 1996). 


lost/month) in young and mature leaves among 
one deciduous and two broadleaved evergreen 
tree species growing in the understory and mid- 
dle canopy of a cloud forest; and to relate her- 
bivory levels to interspecific differences in spe- 
cific leaf area (SLA), leaf toughness, and phe- 
nolic contents. 

3. To determine how long leaves persist in the 
canopy of tree species growing in two sites with 
similar vegetation structure and floristic com- 
position and what relationships exist between 
leaf longevity and SLA. 


STUDY SITES 


The leaf dynamics study was carried out in 
two fragments of tropical lower montane wet 
forest around Xalapa, capital city of Veracruz 
State, Mexico. The study sites were the Clavi- 
jero Ecological Park (19°30'N, 96°55’W; 1250 
m a.s.l.), 2.5 km south of Xalapa, and the Mesa 
forest (19°35'N, 96°57'W; 1470 m a.s.1.) in Ban- 
derilla. Both sites have the same mild and humid 
climate throughout the year. Total annual precip- 
itation is 1517 mm and 1451 mm, respectively, 
and mean annual temperature is 18° and 16°C. 
Extreme temperatures do not reach those char- 


acteristic of either temperate deciduous or trop- 
ical lowland forests. A relatively dry-cool sea- 
son extends from November to March, a dry- 
warm season from April to May, and a wet- 
warm season from June to October. April and 
May had the highest maximum temperatures, 
less precipitation and thus less cloud cover, in- 
creased day length, and probably higher irradi- 
ance. The two sites have similar vegetation 
structures and floristic compositions. Mostly the 
same dominant tree species were recorded in 
both forest fragments: Carpinus caroliniana, 
Liquidambar styraciflua, Quercus germana, Q. 
leiophylla, and Q. xalapensis—all of which are 
of temperate affinity. Also studied were Clethra 
mexicana and Turpinia insignis, with American- 
Asiatic phytogeographical affinity, and several 
neotropical small trees, such as Cinnamomum 
barbeyanum, Eugenia xalapensis, and Oreopan- 
ax xalapensis. 


MATERIALS AND METHODS 


Species were chosen for the study because of 
their abundance, phytogeographical affinity, and 
leaf changing habit (TABLE 1). For the pheno- 
logical study, nine temperate-deciduous, one 
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temperate-evergreen, 11 tropical-evergreen, and 
two tropical-deciduous trees were monitored in 
the Ecological Park. For the herbivory study, 
three species were selected in the Ecological 
Park: one temperate-deciduous, Carpinus caro- 
liniana, and two broadleaved-evergreen, Oreo- 
panax xalapensis (neotropical) and Turpinia in- 
signis (American-Asiatic). Leaf life spans were 
determined in several canopy individuals of nine 
tree species (TABLE 1). All species were present 
in both study sites except Cinnamomum berbey- 
anum, which was abundant only in the Ecolog- 
ical Park, and Magnolia schiedeana, which was 
abundant only in Mesa, Banderilla. 

Observations and measurements were made 
from the forest floor, using a 6-m ladder to reach 
the middle canopy leaves, and from high van- 
tagepoints to observe the upper part of the can- 
opy in the phenology study. Climatic data were 
obtained from a meteorological station in the 
city of Xalapa, Veracruz, 5 km from the study 
site and at a similar altitude. 


Foliar Phenology 


Along trails crossing the Ecological Park, 107 
adult individuals representing 24 tree species 
were tagged. Monthly phenological observations 
were made from January 1990 to December 
1994. Phenological states were scaled from O to 
4 (0%, 1-25%, 26-50%, 51-75%, and 76- 
100%, respectively), representing the proportion 
of each tree dropping or producing leaves. These 
values were averaged monthly for each species 
and used as a phenological index of leaf fall or 
leafing. 


Herbivory 


For each species, ten trees in the understory 
and ten in the mid-canopy were selected. 
Branches were tagged before budburst to deter- 
mine the initial number of leaves and to avoid 
missing young leaves that could be consumed 
during expansion. Six to eight branches were 
tagged for each Carpinus tree; one branch for 
each Oreopanax understory individual; two or 
three for each Oreopanax mid-canopy tree; and 
three or four branches for each Turpinia tree. 
Half of the leaves were randomly collected 
when young (time 1, fully expanded and 1-2 
months old). The other leaves were collected 
when mature (time 2, still photosynthetically ac- 
tive and without any sign of senescence and 6- 
8 months old). Remnant leaf area and proportion 
of leaf area missing (holes and damaged areas) 
were measured in these leaves using a Leaf Area 
Meter (Delta-T Image Analysis System). 

Toughness was estimated in 20 young and 20 


SELBYANA 


Volume 20(1) 1999 


mature randomly collected leaves of each spe- 
cies from the understory and canopy (see Feeny 
1970, Lowman & Box 1983). Total phenolic 
content was determined using the Folin-Denis 
method in young and mature leaves. All phe- 
nolic assays were conducted on water extract 
(see Anderson and Ingram 1993). Specific leaf 
area (SLA, cm?/g dry weight) was estimated in 
100 mature leaves per species. 


Leaf Longevity 


Buds in the middle canopy were marked be- 
tween January and February 1993 and subse- 
quently as new leaves emerged that year. Leaf 
presence was monitored monthly until abscis- 
sion. Leaf emergence (percent of total leaves ap- 
pearing in a month) and leaf longevity (number 
of months leaves are retained in the canopy) 
were estimated as the mean, median, and L50 
(months between emergence and abscission for 
half the marked leaves) of the whole set of 
tagged leaves per species at each site. Since the 
three variables are correlated, only mean life 
spans are reported. 


Data Analyses 


Phenological periodicity was examined using 
nonmetric measures of time series (see Colwell 
1974). Pearson correlation coefficients were cal- 
culated between phenological variables and cli- 
matic data for the current and preceding month 
and between leaf longevity and SLA. To analyze 
differences in herbivory, one-way ANOVA was 
used. Nonparametric methods were used to com- 
pare differences in toughness, phenolic content, 
SLA, leaf emergence and longevity between 
species and study sites. Statistical analyses were 
undertaken using a JMP statistical software 
package (SAS 1997). Reported results are statis- 
tically significant (P < 0.05). 


RESULTS AND DISCUSSION 


The study resulted in new data on leaf dynam- 
ics including foliar phenology, herbivory, and 
leaf longevity. 


Foliar Phenology 


Leaf fall was higher from October through 
January (FIGURE 1A). Species of tropical and 
temperate affinities and deciduous and ever- 
green habits had different leaf fall patterns. 
Leaf fall for all deciduous species occurred dur- 
ing the relatively dry-cool season, with strong 
predictable fluctuations. In contrast, leaf drop 
for all evergreen species was constant during 
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FIGURE 1. Foliar phenological patterns in central 


Veracruz, Mexico. a. Leaf fall and leaf production av- 
eraged over all studied species. b. Leaf fall averaged 
over 5 years for deciduous and broadleaved-evergreen 
species. c. Leaf flushing averaged over 5 years for de- 
ciduous and broadleaved-evergreen species. 


the year (FIGURE 1B). Leaf fall and climatic 
variables were obviously better correlated for 
deciduous than for evergreen species (TABLE 
2). Interestingly, all deciduous species showed 
a strong negative correlation between leaf fall 
and minimum temperature, while no evergreen 
species had a significant correlation (TABLE 2). 
Also for deciduous species, leaf fall was more 
negatively correlated to higher maximum tem- 
peratures of the preceding month than with 
those of the same month. Precipitation and leaf 
fall were negatively correlated only for some 
deciduous species. 

For all species, peaks of production of new 
leaves were observed between February and 
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April (FIGURE 1A). Leaf flushing differed be- 
tween deciduous and evergreen species (FIGURE 
1C) and also between species with temperate 
and tropical affinities. All deciduous and tem- 
perate species flushed leaves between February 
and April, the dry-cool and dry-warm seasons. 
Some evergreen species had a defined peak of 
flushing (e.g., Ilex, Cinnamomum, Oreopanax 
capitatus, Trichilia, Turpinia), while others, 
such as Hedyosmum, apparently flushed leaves 
throughout the year. Leafing and temperatures 
were better correlated for deciduous than for ev- 
ergreen species. For deciduous species, leaf 
flush was better correlated with higher maxi- 
mum temperature than with precipitation or min- 
imum temperature (TABLE 2). 

Several hypotheses have been advanced to un- 
derstand interspecific differences in foliar phe- 
nology. They can be classified in three general 
groups according to the major drives of pheno- 
logical change: abiotic such as climate; biotic 
variables such as leaf herbivory and pollinators 
(Aide 1988, 1992, 1993; van Schaik et al. 1993); 
and endogenous factors, adaptive traits carried 
along the evolutionary history of a lineage and 
phylogenetic constraints (Wanntorp 1983, Le- 
chowicz 1984). 

Leaf fall pattern indicates that deciduous trees 
with both temperate and tropical affinities had 
higher leaf fall when temperatures were lower. 
These results suggest that temperature and pho- 
toperiod may outweigh precipitation in causing 
leaf fall in deciduous species and that evergreen 
species may drop their leaves in response to fac- 
tors other than climatic variables. Because most 
deciduous species have temperate affinities, and 
extreme minimum temperatures are never very 
low, leaf fall periodicity of these deciduous spe- 
cies in this warmer environment may be caused 
by endogenous factors. The strong correlation 
with minimum temperature then becomes a co- 
incidence. 

Leaf flushing was highly correlated with max- 
imum temperature of the current month for all 
deciduous and several evergreens (TABLE 2). 
This correlation may indicate that at this mon- 
tane site, higher temperatures promote leafing 
for deciduous species. On the other hand, some 
evergreen species had a peak of leaf flushing in 
April, a month of maximum irradiance. This re- 
sult agrees with the hypothesis that leaf produc- 
tion has been selected to coincide with peak ir- 
radiance, when water is available (Wright & van 
Schaik 1994). Temperatures may act as proxi- 
mate clues for leaf phenology, but ultimate fac- 
tors have to be considered when discussing leaf 
dynamics. 
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TABLE 2. Correlation coefficients of leaf fall and flushing, and precipitation (pp), minimum (min T) and max- 
imum (max T) temperatures for the same and preceding month in central Veracruz, Mexico. N = 60 months 


for each species. 


Leaf fall Leaf flushing 
Tree species pp min T max T pp min T max T 
same same same preceding same same preceding same 
Deciduous 
Carpinus —0.34* —0.56** —0.46**  —0.45** —0.31 —0.34* —0.38* 0.45** 
Clethra 0:32 —0.54**  —0.27 —0.39* —0.23 —0.14 —0.38* 0.63** 
Cornus ao Doe 220.25 —0.40* —0.26 —0.20 —0.32 0.48** 
Liquidambar —0.40* <O.508* —0.51*%* =0.48** = 0.35% —0.38* —0.40* 0.49** 
Meliosma =0.37* =O56**. 0.42" —0.43* —0.15 0.06 —0.26 0.41* 
Platanus —0.34* SO.577* QAO" - -=050F* —0.30 —0.36* —0.44** 0.29 
Quercus acuti- 
folia —0.42* =). 655"  —0.42* = 0.52 ** =O.28 —0.28 —0.23 Onte 
Q. germana —0.37* =0.637* 0,29 —0.44** = 7 —0.23 m ei 0.41* 
Q. insignis —0.34* =(.659""" =025 —0.39* —0.28 —0.22 =0:35* 0.45** 
Q. leiophylla =)533 —0.60** —0.41* —0.50** —0.28 —0.23 =0.35* 0.47** 
Q. xalapensis —0.44** —0.65**  —0.39* =052** = 0.235 —0.11 —0.35* 0.5277 
Styrax =0.23 —0.47** =0:29 —0.34* —0.24 —0.36* —0.43* 0.18 
All deciduous —0.33** —0.54** —0.36**  —0.42** =O.267*- 20.2458; ST 0.43** 
Evergreens 
Cinammomum 0.17 0.06 0.18 0.27 —0.16 O27 =0.36* 0.37* 
Hedyosmum —0.16 —0.02 —0.09 0.05 —0.08 —0.06 0.09 —0.27 
Ilex —0.07 —0.18 =.33* —0.06 —0.10 —0.04 —0.26 0.43* 
Oreopanax cap- 
itatus 0.22 —0.00 —0.01 0.05 0.09 0.24 —0.06 Catt 
O. xalapensis =0.13 =O.22 0.39* 0.27 0.06 0.19 0.05 0.09 
Piper —0.30 =0.25 0.12 0.16 —0.15 —0.03 0.14 —0.26 
Rapanea —0.03 —0.21 —0.24 —0.29 —0.09 —0.15 —0.01 0.13 
Saurauia 0.22 0.18 =0.23 0.01 —0.38* —0.49**  —0.47** 0.02 
Symplocos 0.14 0.11 —0.02 0.03 —0.24 —0.18 —0.08 0.23 
Trema —0.02 0.11 —0.23 —0.10 —0.24 —0.31 —0.32 —0.03 
Trichilia 0.16 0.11 —0.01 0.27 —0.27 —0.39* —0.49** 0.21 
Turpinia 0.16 —0.06 —0.34 —0.10 —0.21 —0.27 —0.32 0.41* 
All evergreens 0.02 —0.02 —0.09 0.01 =e olar = O17 te 0.12" 
All trees =O:208* -=O34°* --025"": —0:26** =0,20** =Q.19F* .=0,26F* OJS 





* indicates P < 0.01, ** indicates P < 0.001. 


Herbivory 


In all, 5804 leaves were collected. For Car- 
pinus, 3103 leaves were measured, and for Or- 
eopanax, 1712 folioles in 265 leaves. Herbivory 
damage in Turpinia was determined in 989 ma- 
ture leaves. Total percentage of leaf area loss to 
herbivores in mature leaves was smaller for Car- 
pinus than for Oreopanax or Turpinia. It was 
greater in the understory for all species than in 
the canopy. Oreopanax leaves in the understory 
suffered the greatest herbivory (TABLE 3). Car- 
pinus herbivory rates (% leaf area lost/month) 
were higher than for Oreopanax. Herbivory 
rates were higher in understory than in canopy 
leaves and higher in young than in mature leaves 
(TABLE 3). 

Specific leaf area (SLA) differed among these 


species. It was higher in Carpinus followed by 
Turpinia and then Oreopanax. Leaf toughness 
values also varied significantly among species; 
and in all cases, young leaves were less tough 
than mature leaves (TABLE 3). Total phenolic 
levels of leaves were similarly higher in Carpi- 
nus and Turpinia than in Oreopanax. Phenolic 
levels were statistically similar in understory 
and canopy leaves and in young and mature 
leaves (TABLE 3). 

Herbivory results agree with several pub- 
lished studies. Herbivory rate was higher in the 
understory than in the canopy (e.g., Lowman 
1985, 1992) and in young rather than in mature 
leaves (e.g., Coley 1983, Lowman 1992, Aide 
1993). The species with highest specific leaf 
area (Carpinus) and lower toughness had the 
lowest herbivore damage in mature leaves; but 
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Total herbivory damage (%) and rates (% leaf area lost/month), specific leaf area (SLA), leaf tough- 


ness and phenolic content in three tree species in the understory and canopy of a tropical lower montane 
forest in the Clavijero Ecological Park, Xalapa, Veracruz, Mexico. Values are mean + 1 SE. 


Characteristics 


Carpinus Oreopanax Turpinia All species 
Herbivory damage (%) 
Total Zla ele 9.73 + 4.34 8.00 + 0.62 
Understory 2.91 + 0.35 17.34 + 8.16 9.29 + 0.097 9.85 + 2.86 
Canopy 293 O27 2.12 + 0.40 6.72 + 0.56 3.79 + 0.45 
Herbivory rate (% leaf area lost/mo) 
Total 3.49 + 0.29 2.02 + 0.50 
Understory 3.29 + 0.49 
Canopy 2nd 2 0.32 
Young 3.58 + 0.46 
Mature 192 = 0:33 
Specific leaf area 
(SLA) (cm?/g dw) 219.4 + 7.2 98,2025 355 145.3 + 2.6 
Leaf toughness (g) 
Young 217.3 + 10.6 154.1 + 5.1 305.5 + 18.9 
Mature 377.6 + 12.6 492.6 + 15.2 704.7 + 23.6 
Phenol contents (% dw) 
Young 
Understory 8.85 + 0.00 1.66 + 0.00 11.08 + 0.27 
Canopy 8.74 + 0.10 1.85 + 0.39 11.29 = 0.03 
Mature 
Understory 10.26 + 0.06 6.35 + 0.61 9.60 + 0.0 
Canopy 10.15 + 0.06 T-1713 40.11 9.77 + 0.06 


leaf phenolic contents apparently were not re- 
lated to herbivore damage (e.g., Coley 1983, 
Lowman & Box 1983). 


Leaf Longevity 


In all, 2688 leaves in 78 trees of nine species 
were tagged and monitored in the two study 
sites. Almost all the species exhibited a pro- 
nounced leafing pattern with a peak at the be- 
ginning of the year, particularly between Feb- 
ruary and April. Differences between species 
were found, but only Hedyosmum leaves had a 
different emergence pattern apparently continu- 


TABLE 4. Mean leaf longevity in months (+1 SE) in 
the Clavijero Ecological Park and at Mesa, Ban- 
derilla, in central Veracruz, Mexico. 


Species Park Mesa 

Carpinus caroliniana 7.9 + 0.1 7.5 + 0.2 
Cinnamomum barbeyanum 23.1 + 2.6 

Clethra mexicana 10.6 + 0.4 12.1 + 0.7 
Hedyosmum mexicanum 7.8 + 0.3 6.4 + 0.2 
Liquidambar styraciflua 7.8 + 0.1 6.6 + 0.2 
Magnolia schiedeana 36.4 + 1.6 
Oreopanax xalapensis 15.8 + 0.4 22.4 + 0.3 
Quercus xalapensis 10.4 = 0.2 9.4 + 0.4 
Turpinia insignis 13.4 + 0.5 16.2 + 1.2 





ous during the year. No differences were found 
in the times of leaf emergence. 

Mean leaf longevity for all deciduous tree 
species was 8.95 months (+0.65 SE), while for 
all evergreen tree species, it was 17.56 months 
(+3.11 SE). In addition to differences between 
leaf habit, significant differences were noted 
among species of the same leaf habit. Two ev- 
ergreen tree species had the longest leaf life 
spans (Oreopanax and Turpinia). Mean life 
span, however, was not related to deciduousness 
or evergreenness, since both the shortest (Hed- 
yosmum, 6.4-month) and longest (Magnolia, 
36.4-month) longevities were recorded for ev- 
ergreen species (TABLE 4). SLA was inversely 
correlated to mean-, median-, and half-life of 
leaves (FIGURE 2). 

The ecological meaning of leaf half-life is not 
clear, except that annual leaf fall is not neces- 
sarily associated with deciduousness (Rogers & 
Clifford 1993, Reich et al. 1992). The length of 
the life spans of leaves appears to have taxo- 
nomic significance, as more primitive vascular 
plants tend to have longer lived leaves than more 
advanced groups (Lechowicz 1984, Rogers & 
Clifford 1993). In this study, species belonging 
to more basal taxa have the longest life spans 
(e.g., Magnolia and Cinnamomum) and species 
in more advanced taxa have the shortest life 
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mean leaf life spans (months) in central Veracruz, 
Mexico. 


spans (e.g., Carpinus and Quercus). This trend 
is complicated to examine, because Hedyosmum, 
which had the shortest life span, belongs to a 
primitive group. It is, however, an early second- 
ary species and may be an advanced taxon with- 
in its group (Chase et al. 1993). 


CONCLUSIONS 


As in other studies, I report a trend toward 
higher specific leaf area (SLA) associated with 
shorter leaf life span and to higher herbivory 
levels. Although the dataset is small, the ob- 
served trend appears to be more related to phy- 
logenetic relationships of the species than to 
their leaf habit classification. For the three re- 
ported studies, ecologically important variation 
might be involved; but phylogenetic relation- 
ships are relevant in explaining differences in 
leaf dynamics, such as foliar phenological pat- 
terns, herbivory levels, and leaf life spans. More 
important, this study was restricted to the middle 
canopy, up to a height that could be reached 
with a ladder, but leaf dynamics of the upper 
canopy remains to be investigated. 
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